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(54) DNA, VECTOR AND MICROORGANISM CONTAINING GENE OF PEPTIDE-TRANSPORTING 
PROTEIN 
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PROBLEM TO BE SOLVED: To obtain a DNA that has high heat stability and is useful for production 
of peptide-transporting protein that can specifically take in di- and tri- peptide by incorporating the 
gene of the peptide-transporting protein originating from Lactobacillus helveticus into the vector. 
SOLUTION: The gene of a peptide-transporting protein originating from Lactobacillus helveticus as 
Lactobacillus helveticus SBT-2171 (FERM P-14381) or a peptide-transporting protein gene that is 
obtained by cleaving the chromosomal gene of Lactobacillus helveticus with a restriction enzyme 
Hpa I is included. This DNA is incorporated into a vector, a microorganism is transformed with this 
vector and cultured. Then, the resultant peptide-transporting protein is added to prepare membrane 
vesicles. 
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CLAIMS 

i . — 

[Claim(s)] 

[Claim 1] Lactobacillus hetveticus (Lactobacillus helveticus) DNA containing the peptide transporter 
protein gene of the origin. , 
[Claim 2] Lactobacillus helveticus (Lactobacillus helveticus) DNA containing the peptide transporter . 
protein gene obtained by cutting a chromosomal gene with a restriction enzyme HpaL 
[Claim 3] Lactobacillus helveticus (Lactobacillus helveticus) the DNA fragment obtained by cutting a 
chromosomal gene with a restriction enzyme Hpal — reverse PCR (inverse PCR) — DNA containing 
the peptide transporter protein gene which has the EcoRV site and BamHI site which are obtained by 
amplifying by law, 

[Claim 4] Lactobacillus helveticus (Lactobacillus helveticus) DNA according to claim 1 to 3 which is 
Lactobacillus helveticus (Lactobacillus helveticus) SBT 2171 (FERM P-14381). 

[Claim 5] The vector which has the peptide transporter protein production ability incorporating DNA 
according to claim 1 to 4. 

[Claim 6] The microorganism which has the peptide transporter protein production ability which 
carried out the transformation by the vector according to claim 5. 

[Claim 7] The membrane vesicle containing the peptide transporter protein prepared from the fungus 
body which the microorganism according to claim 6 was cultivated [ fungus body ] and made peptide 
transporter protein produce. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[00O1] 

[Field of the Invention] This invention relates to DNA containing the peptide transporter protein gene 
originating in Lactobacillus helveticus (Lactobacillus helveticus) of lactic acid bacteria. Moreover, this 
invention relates to the vector which has the peptide transporter protein production ability 
incorporating this DNA. Furthermore, this invention relates to the membrane vesicle containing the 
peptide transporter protein prepared from the microorganism which has the peptide transporter 
protein production ability which carried out the transformation by this vector, and the fungus body 
which this microorganism was cultivated [ fungus body ] and made peptide transporter protein 
produce. 
[0002] 

[Description of the Prior Art] It is known that a living thing will produce various transporter protein 
from the need of incorporating a nutrient from the outside of a living body. And various peptide 
transporter protein is found out until now (MoLMicrobioL, vol. 16, p.825 t 1995). This peptide transporter 
protein can roughly be classified into two types according to the acquisition format of the energy 
source consumed on the occasion of transportation. The first type uses ATP (adenosine 
triphosphate) in the living body, this type of peptide transporter protein is called ABC transportation 
protein — the prominent total theory of Higgins is known (Annu.Rev.Cell BioL, vol.8, p.67, 1992). The 
second type belongs to a PTR family and is Steiner. It Is named (MoLMicrobioL, vol.16, p.825 T 1995), 
This peptide transporter protein performs peptide transportation using the concentration difference 
(proton motive force) of the proton of cell inside and outside. Although the peptide transporter 
protein using the proton motive force which is the second type was found out by many living things, 
they were [ that the peptide transporter protein of the RAKUTOKOKKASU RAKUCHISU 
(Lactococcus lactis) origin is only known, and ] as what originates in eukaryote and originates in a 
procaryote (J.Biol.Chem., vol.264, p.11391, 1994). However, RAKUTOKOKKASU RAKUCHISU 
(Lactococcus lactis) Since it is mesophilic lactic acid bacteria, it is RAKUTOKOKKASU RAKUCHISU 
(Lactococcus lactis). The peptide transporter protein of the origin had the fault that it could be used 
only in the moderate temperature region around 30 degrees C. 
[0003] 

[Problem(s) to be Solved by the Invention] this invention persons are Lactobacillus helveticus 
(Lactobacillus helveticus), when research was wholeheartedly advanced about the peptide transporter 
protein originating in a procaryote. It found out that peptide transporter protein might be produced. 
Then, cloning of the gene of Lactobacillus helveticus (Lactobacillus helveticus) was carried out, DNA 
which may produce peptide transporter protein was acquired, and it checked that the Escherichia coli 
which carried out the transformation by the vector incorporating this DNA produced the peptide 
transporter protein which has the property to incorporate a dipeptide and tripeptide specifically. 
Furthermore, it came to complete a header and this invention for the ability of a dipeptide and 
tripeptide to be incorporated specifically by using the membrane vesicle containing the peptide 
transporter protein prepared from the Escherichia coli which produced peptide transporter protein. 
Therefore, this invention is Lactobacillus helveticus (Lactobacillus helveticus). Let ft be a technical 
problem to offer DNA containing the peptide transporter protein gene of the origin. Moreover, this 



1/5 



2006/01/31 13:4 



" JP,H-000172,A [DETAILED DESCRIPTION] 



http : //www4 . ipdl . nc ipi. go . jp/cgi-biri/traa.web_cgi_e jj 



invention makes it a technical problem to offer the vector which has the peptide transporter protein 
production ability incorporating DNA containing the peptide transporter protein gene of the 
Lactobacillus helveticus (Lactobacrflushelveticus) origin. Furthermore, this invention makes it a 
technical problem to offer the microorganism which carried out the transformation by the vector 
which has peptide transporter protein production ability, and to offer the membrane vesicle containing 
the peptide transporter protein prepared from the fungus body which this microorganism was 
cultivated [ fungus body ] and made peptide transporter protein produce. 
[0004] 

[Means for Solving the Problem] Therefore, this invention is DNA containing the peptide transporter 
protein gene of the Lactobacillus helveticus (Lactobacillus helveticus) origin. This invention is DNA 
containing the peptide transporter protein gene obtained again by cutting the chromosomal gene of 
Lactobacillus helveticus (Lactobacillus helveticus) with a restriction enzyme Hpal. DNA obtained 
when this invention cuts the chromosomal gene of Lactobacillus helveticus (Lactobacillus helveticus) 
with a restriction enzyme Hpal again — reverse PCR (inversePCR) — it is DNA containing the 
peptide transporter protein gene which has the EcoRV site and BamHI site which are obtained by 
amplifying by law. This invention is said DNA whose Lactobacillus helveticus (Lactobacillus helveticus) 
is Lactobacillus helveticus (Lactobacillus helveticus) SBT 21 71 (FERM P-14381) again. This invention 
is a vector which has the peptide transporter protein production ability incorporating said DNA again. 
This invention is a microorganism which has the peptide transporter protein production ability which 
carried out the transformation by said vector again. This invention is a membrane vesicle containing 
the peptide transporter protein prepared from the fungus body which said microorganism was 
cultivated [ fungus body ] and made peptide transporter protein produce again. 

[0005] Hereafter, this invention is explained in detail. DNA containing the peptide transporter protein 
gene of the Lactobacillus helveticus (Lactobacillus helveticus) origin of this invention is Lactobacillus 
helveticus (Lactobacillus helveticus) acquired by Delley's and others approach 

(Appl.Environ.MicrobioL, vol.56 t p.1967 T 1990) etc. It can obtain by cutting a chromosomal gene with a 
restriction enzyme Hpal. In addition, specifically in this invention, Lactobacillus helveticus 
(Lactobacillus helveticus) is Lactobacillus helveticus (Lactobacillus helveticus) SBT 2171 (FERM 
P-14381). Furthermore, DNA containing the peptide transporter protein gene which has an EcoRV 
site and a BamHI site can be obtained by amplifying DNA obtained by doing in this way by the 
reverse PCR method. Such DNA is included in a vector, the vector which has peptide transporter 
protein production ability is obtained, further, by the obtained vector, the transformation of the 
microorganisms, such as Escherichia coli and a Bacillus subtilis, can be carried out and the 
microorganism to which the production ability of peptide transporter protein was given can be 
obtained. 
[0006] 

[Embodiment of the Invention] The peptide transporter protein of the Lactobacillus helveticus 
(Lactobacillus helveticus) origin of this invention has the property which tackles a dipeptide and 
tripeptide specifically. Therefore, the membrane vesicle containing the peptide transporter protein 
prepared from the microorganism which carried out the transformation by the plasmid which has the 
peptide transporter protein production ability which included DNA of this invention in the vector, and 
the fungus body which these microorganisms were cultivated [ fungus body ] and made peptide 
transporter protein produce can be used as peptide transporter protein. For example, the membrane 
vesicle which took out and prepared the membrane component from the fungus body of these 
microorganisms itself and the fungus body can be used for the support for condensing a peptide, a 
dipeptide, and tripeptide specifically, the sensor which detects a dipeptide and tripeptide specifically. 
Lactobacillus helveticus (Lactobacillus helveticus) Since it is the lactic acid bacteria of the 
thermophylic, the peptide transporter protein of this invention originating in this has the description 
that the pyrosphere around 50 degrees C can also be used, in addition, approach (Poolman et at, 
Handbook of Biomembrane, 1992) which used ion inclination when a membrane vesicle was used as 
peptide transporter protein The approach (Driessen et ai f Proc.Natl.Acad.Sci_, vol.82. p,7555, 1985) of 
uniting with the cytochrome C oxidase of the nucardia muscle origin etc. — it is good to use it 
combining a proton motive force generation method suitably. 
[0007] 
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[Example] Next, an example and the example of a trial are shown and this invention is explained in 
more detail. 

According to the approach (Appl£nviron_Microbiol.voL56, pp.1967-1970 T 1970) of the preparation 
Delley of the chromosomal gene of example 1 (a) Lactobacillus helveticus T the chromosomal gene of 
Lactobacillus helveticus (Lactobacillus helveticus) was prepared Namely, Lactobacillus helveticus 
SBT 2171 (PERM P-14381) (Lactobacillus helveticus) By the MRS culture medium, the MRS culture 
medium was inoculated 5% and 37-degree C 37 degrees C were cultivated for 5 hours t after 
cultivating for 16 hours. After a lOOmM phosphate buffer solution (pH7.0) washes the obtained 
culture twice, centrifugal separation is performed and fungus bodies are collected, and it is 1 mMEDTA 
(ethylenediaminetetraacettc acid). It suspended in included 10mM tris buffers (pH 7.8). Next 
actuation for destroying a fungus body was performed. That is, concentration Protease K (Boehringer 
Mannheim make) so that concentration may become fungus body suspension in ml and 250microg / 
After having added Protease E (Seikagaku make), respectively so that it might become in ml and 
SOOmicrog /, and performing 37 degrees C and processing for 30 minutes, 10mM tris buffers (pH 7.8) 
containing 1mM EDTA washed, and the processing fungus body was suspended in this buffer solution. 
After adding MUTANO lysine (Seikagaku make) 160U to this processing fungus body suspension and 
performing 37 degrees C and processing for 30 minutes to it, concentration Concentration EDTA so 
that it may become 0.1% and concentration may serve as 75mM(s) in SDS (sodium lauryl sulfate) 
Protease K was added, respectively so that it might become in ml and 200microg /, and 65 degrees C 
and processing of 2 hours were performed And the organic solvent (phenol: chloroform =1:1) 'washed 
the fungus body suspension which performed the above-mentioned processing 3 times, and after 
separating liquids with this organic solvent and collecting water layers, the sterilization toothpick 
rolled round and recovered the chromosomal gene from the settlings which added and generated cold 
ethanol so that the last concentration might become 70% in this water layer, 
(b) Lactobacillus helveticus SBT 2171 (FERM P-14381) of ****** of DNA containing a peptide 
transport protein gene (Lactobacillus helveticus) About the chromosomal gene, the restriction 
enzyme Hpal performed 37 degrees C and decomposition of 6 hours, and DNA containing a peptide 
transporter protein gene was obtained. 

[0008] DNA containing an example 2 (magnification of DNA) peptide transporter protein gene was 
amplified by the reverse PCR method. That is, DNA obtained in the example 1 was combined by 
T-four-DNA ligase (Boehringer Mannheim make), and it considered as the circular DNA, and 
considered as the mold for magnification, tn addition, the presentation shown in Table 1 performed 
magnification of DNA. 
[0009] 
[Table 1] 

SOmicrog [/ml ] DNA fragment solution 2microi 10 time PCR 
buffer solution (Boehringer Mannheim make) 10microl 5mM dNTP mix (Boehringer Mannheim make) 
4microl 100mM Magnesium chloride 2microl Primer 1 2microi Primer 2 2microl Sterilized water 

77microl Primer 1:5' - TCCTGTAATTGTTTTTATTG (the EcoRV 

site is introduced) 

Primer 2:5' - ATGACACATTATTCATACTG (the BamHI site is introduced) 

[0010] Next, PWO polymerase (Boehringer Mannheim make) Imicrol It adds. The reaction process of 
the following (1) - (5): (1) 95 degree C, 10 minutes, and (2) 95 degree C, 90 seconds, and (3) By the 
repeat of 30 cycles of (5) and (2) to (4), DNA was amplified and DNA containing a peptide transporter 
protein gene was obtained for (4) 72 degree C and 3 minutes for 50 degree C and 2 minutes. The 
amino acid sequence presumed from the base sequence of this DNA and its base sequence is shown 
in drawing 1 - drawing 3 , and the array number 1 of an array table. In addition, just before starting a 
reaction, multistory [of the sterilization mineral oil ] was carried out and evapotranspiration of 
moisture was prevented. 

[0011] DNA containing the peptide transporter protein gene by which example 3 (preparation of 
vector) magnification was carried out was combined with the vector. That is, mixed DNA obtained in 
the vector pTAQI for Escherichia coli (product made from Gencor) beforehand cut with restriction 
enzymes BamHI and EcoRV, and the example 2, it was made to join together by DNA ligase 
(Boehringer Mannheim make), and the vector which has the peptide transporter protein production 



*JP, 11-000 172, A [DETAILED DESCRIPTION] 



http://www4.ipdl.ndpi .go . jp/cgi-bin/traajffeb^cgLejj 



ability incorporating DIMA containing a peptide transporter protein gene was obtained. 
[0012] The transformation of a microorganism was performed using the vector which has example 4 
(transformation of microorganism) peptide transporter protein production ability. Namely, Escherichia 
coli beforehand processed with the calcium chloride The vector which has the peptide transporter 
protein production ability obtained in the example 3 was mixed with E1772 share (J.Bacteriol., vol.! 73, 
pp,234-244, 1991), the vector was introduced into Escherichia coii by 42 degrees C and the heat 
shock for 90 seconds, and the Escherichia coli which has peptide transporter protein production 
ability was obtained In addition, the vector introduced into Escherichia coli is ampicrllin. Culture 
medium which added ml in 100microg /(peptone 10g/l., yeast extract 5 g/l, saft 5 g/l) It chose. 
[0013] The lOmMDHactic acid was added to the Escherichia coli which has the peptide transporter 
protein production ability obtained in the example of trial 1 (measurement of the amount of djpeptide 
incorporation of Escherichia coli) example 4 T and oxygen was blown into it The prolyl alanine 
(Pro-Ala) which carried out the label by 14C is added after 1 minute, a sample is extracted with time, 
and it is a membrane filter (0.45 micrometers) The trap of the Escherichia coli was carried out. And 
after the 0.1M lithium chloride which ice-cooled this filter washed twice, the filter was dissolved in 
the liquid scintillation cocktail, radioactivity was measured, and the amount of dipeptide incorporation/ 
of Escherichia coli was calculated. Moreover, the trial with the same sajd of the Escherichia coli 
which carried out the transformation by the vector which has the peptide transporter protein 
production ability which incorporated as contrast the Escherichia cofi which has not carried out a 
transformation, and the DNA fragment of RAKUTOKOKKASU RAKUCHISU (Uctococcus lactis) 
prepared by the same approach as an example 4 was performed, A result is shown in drawing 4 . As 
for the Escherichia coli which has not carried out a transformation, from the result shown in drawing 
4 , the amount of dipeptide incorporation did not almost have a very low increment with time, either 
Moreover, the Escherichia coli introduced in DNA of Lactobacillus helveticus (Lactobacillus 
helveticus) of this invention became clear [ that the amount of dipeptide incorporation is very high ] 
from the Escherichia coli introduced in DNA of RAKUTOKOKKASU RAKUCHISU (Lactococcus lactis). 

[0014] The Escherichia cofi which has the peptide transporter protein production ability obtained in 
the example 5 (preparation of a membrane vesicle) example 4 was cultivated, and the membrane 
vesicle was prepared from the fungus body which made peptide transporter protein produce. That is, 
by M9 culture medium (M9 salt mix solution 200 mlA 20% glucose solution 20 ml/I which consist of 
disodium hydrogenphosphate 64 g/l, potassium-dihydrogenphosphate 15 g/l T sodium chloride 2.5 g/l, 
and ammonium-chloride 5.0 g/l) which added a 10g [A ] yeast extract and the 10g [A ] sodium 
succinate, after cultivating for 3 hours, the harvest of the 37 degrees C of the cultures was washed 
and carried out with the potassium phosphate buffer solution (pH 7.0). And according to the approach 
(Methods of Enzymology, voL22, pp.9SM20, 1971) of Kaback, the membrane vesicle which contains 
peptide transporter protein from this Escherichia coli was prepared. In addition, the prepared 
membrane vesicle was saved in liquid nitrogen, until just before using it for each trial. 
[0015] To the suspension of the membrane vesicle containing the peptide transporter protein 
obtained in the example of trial 2 (measurement of the amount of dipeptide incorporation of a 
membrane vesicle) example 5, the last concentration is SOmrcroM. The phenazine methosulfate was 
added so that it might become, air was blown, and it held at 30 degrees C_ And after 1 minute, an 
ascorbic-acid potassium is added so that the last concentration may serve as 10mM(s), Pro- Ala 
which carried out the label by 14C is further added after 1 minute, a sample is extracted with time, 
and it is a membrane filter. (0.45 micrometers) The trap of the Escherichia coli was carried out. After 
the 0.1 M lithium chloride which ice-cooled this filter washed twice, the filter was dissolved in the 
liquid scintillation cocktail, radioactivity was measured, and the amount of dipeptide incorporation of a 
membrane vesicle was calculated Moreover, the trial with the same said of the membrane vesicle 
prepared as contrast from the Escherichia coli which has not carried out a transformation was 
performed. A result is shown in drawing 5 . Although the membrane vesicle prepared from the 
Escherichia coli which has not carried out a transformation had the amount of incorporation of a 
dipeptide lower than the result shown in drawing 5 and there was also almost no change with time, 
the membrane vesicle of this invention became clear [ that the amount of incorporation of a dipeptide 
is very high ]. Furthermore, the amount of dipeptide incorporation of the membrane vesicle of this 
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invention was measured in 37 degrees C and 45 degrees C. A result is shown in drawing 6 . From 
drawing 6 t it became clear activity was still higher rather than the membrane vesicle of this invention 
was able to be set at 37 degrees C in a 45-degree C pyrosphere. 
[0016] 

[Effect of the Invention] Since it has the property to incorporate a dipeptide and tripeptide 
specifically, the peptide transporter protein produced by the microorganism which carried out the 
transformation by the vector incorporating DNA containing the peptide transporter protein gene of 
this invention has the good absorptivity in an intestinal tract, and in case the dipeptide and tripeptide 
which are said for use effectiveness to be high are condensed, it can be used Moreover, these can 
also be made into the sensor used in case a dipeptide and tripeptide are detected. Its thermal 
stability is high, and since especially the peptide transporter protein produced by this invention has 
activity also in the pyrosphere which is about 50 degrees C, it is useful as the concentration 
equipment connected to the proteolysis system said for the enzyme reaction in an elevated 
temperature to be required on-line, or the sensor section. 
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DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 11 The amino acid sequence presumed from the base sequence of DNA containing the 
peptide transporter protein production gene obtained in the example 2 and its base sequence is , 
shown. 

[Drawing 21 A continuation [ the amino acid sequence presumed from the base sequence of DNA 
containing the peptide transporter protein production gene obtained in the example 2 and its base 
sequence ] of drawing 1 is shown. 

fDrawing 31 A continuation [ the amino acid sequence presumed from the base sequence of DNA 
containing the peptide transporter protein production gene obtained in the example 2 and its base 
sequence ] of drawing 2 is shown. 

fDrawing 41 It is the graph which shows the amount of dipeptide incorporation of the Escherichia coli 
in the example 1 of a trial. 

fDrawing 51 It is the graph which shows the amount of dipeptide incorporation of the membrane 
vesicle in the example 2 of a trial. 

[Drawing 61 It is the graph which shows the amount of dipeptide incorporation in 37 degrees C of the 
membrane vesicle in the example 2 of a trial, and 45 degrees C. 
[Layout Table] 
Array number 1 

The die length of an array: 1884 
The mold of an array: Nucleic acid 
Hie number of chains: Double strand 
Topology: The shape of a straight chain 
The class of array: Genomic DNA 
Origin 

LivingHhing name: Lactobacillus helveticus 

Stock name: SBT 2171 

Array 

AAGATGGACG TTAAGGTCAT CGAAAGCAAG GTTAACTTGA TCGAAGCTGA AAAAGATGCT -121 
GTTAATGATG GAGTTGCTAA AGCAATTGAT TAAGTAATAT AAAGTAATAA AAATAAGGAT -61 
CTATCTGTAA ATAGGATAGG TCCTTATTTT TCGTGGTGTA ATTGTTTTTA TTGCTTACCT -1 
TAGATAAGAA AGGAGI I I I I CTTTGGGTAA ACGAGTTCAA ATACAGCATT CTTTGGACAG 60 
CCAAAGGGCT TGTCCACTTT ATTCTTCACT GAAATGTGGG AGCGTTTCAG TTACTACGGC 120 
ATG CGG GOT ATC TTA TTA TTC TAG 144 
Met Arg Ala He Leu Leu Phe Tyr 
1 5 

ATG TAT TAG GCA GTT ACC AAA GGT GGT TTG GGG ATG TCT CAA ACT ACT 192 
Met Tyr Tyr Ala Val Thr Lys Gly Gly Leu Gty Met Ser Gin Thr Thr 
10 15 20 

GOT GCT TCA ATC ATG TCG ATC TAT GGT TCG CTT GTT TAT TTA TCA ACA 240 
Ala Ala Ser He Met Ser He Tyr Gly Ser Leu Vai Tyr Leu Ser Thr 
25 30 35 40 
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CTA GTT GGA GGC TGG CTT TCT GAC AGA GTA TGG GGC TCT AGA AAA ACA 288 
Leu Val Gly Gly Trp Leu Ser Asp Arg Val Trp Gly Ser Arg Lys Thr 
45 50 55 

GTC TTC TAC GGC GGT GTG CTT ATT ATG TTG GGA CAC ATC GTT TTG GOT 336 
Val Phe Tyr Gly Gly Val Leu He Met Leu Gly His He Val Leu Ala 
60 65 70 

TTG CCA GCT GGT GTA ACG GTG CTA TAC AGG TCG ATT GCT TTA ATC GTT 384 
Leu Pro Ala Gly Val Thr Val Leu Tyr Arg Ser He Ala Leu He Val 
75 80 85 

GTA GGT ACT GGA TTA TTA AAG CCG AAC GTA TCC GAT ATG GTT GGG GGT 432 
Val Gly Thr Gly Leu Leu Lys Pro Asn Val Ser Asp Met Val Gly Gly 
90 95 100 

CTT TAT TCG GTT GAA GAT CCC CGT CGT GAC GCT GGT TTC AGT ATT TTT 480 
Leu Tyr Ser Val Glu Asp Pro Arg Arg Asp Ala Gfy Phe Ser He Phe 
105 110 115 120 

GTT TTC GGG ATT AAC TTA GGC TCA ATT ATT GCT CCA TGG CTT GTA CCA 528 
Val Phe Gly He Asn Leu Gly Ser lie He Ala Pro Trp Leu Val Pro 
125 130 135 

TGG GCA GCT CAG GGC TTC GGT GTC CAT ATT TTT GGT AGC CAA TTG AAC 576 
Tip Ala Ala Gin Gly Phe Gly Val His He Phe Gly Ser Gin Leu Asn 
140 145 150 

TTC CAT GCA GGA TTC TCA TTA GCT GCA GTT GGT ATG TTC TTT GGT TTA 624 
Phe His Ala Gly Phe Ser Leu Ala Ala Va! Gly Met Phe Phe Gly Leu 
155 160 165 

GTA CAA TAT GTA CTT GGT GGT AAA AAA TAC TTA TCA ACT GAA AGT CTG 672 
Val Gin Tyr Val Leu Gly Gly Lys Lys Tyr Leu Ser Thr Glu Ser Leu 
170 175 180 

ACA CCT AAT GAT CCT ATT GAT AAA GGC GAT TTG CTT AAT GTG ATC AAG 720 
Thr Pro Asn Asp Pro He Asp Lys Gly Asp Leu Leu Asn Val lie Lys 
185 190 195 200 

TGG GTT GTC ATT ATT ATC ATC GCA ATT GTT GCA ATT TTA GCC GCT ATG 768 
Trp Val Val He He He He Ala He Val Ala He Leu Ala Ala Met 
205 210 215 

GCA GGA GTA GGG CAA TTA AGC GTT GAT AAT GTA ATT ACC TTA TTA ACT 816 
Ala Gly Val Gly Gin Leu Ser Val Asp Asn Val lie Thr Leu Leu Thr 
220 225 230 

ATT TTG GCG ATT GCA TTG CCA ATC TAC TAC TTC GTG ATG ATG TTT CGC 864 
He Leu Ala He Ala Leu Pro He Tyr Tyr Phe Val Met Met Phe Arg 
235 240 245 

AGC TCA AAG GTT ACT AAG ATT GAG TTA GGA ATT CAT TTA CTA CCT GTA 912 
Ser Ser Lys Val Thr Lys He Glu Leu Gly He His Leu Lue Pro Val 
250 255 260 

AGC TTG AAG AAT CGG CTG TTT TTC AAA AAA GGA TAT AAG CGG CTT AAG 960 
Ser Leu Lys Asn Arg Leu Phe Phe Lys Lys Gly Tyr Lys Arg Leu Lys 
265 270 275 280 

CAG ATA ATT CAG CTT GAA CTT GCC ATA AAA AGG CAA AGC TTT ATT ATT 1008 
Gin He He Gin Leu Glu Leu Ala He Lys Arg Gin Ser Phe He He 
285 290 295 

CTG ATA GCG CTC ATC ATC ATG GCC AGC ATT TTG ATT CCA AAC AAA GTG 1056 
Leu He Ala Leu He He Met Ala Ser He Leu He Pro Asn Lys Val 
300 305 310 

ATC ATT GCC AAA CAT CTG CTC AAG CTG GTT TTG TTG GTG TTC TAT TGG 1 104 
He He Ala Lys His Leu Leu Lys Leu Val Leu Leu Val Phe Tyr Trp 
315 320 325 
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ATA GGT CTT AAT TTG ATC CCT TTT AGO ACA TTT GTT CTC TCC TTT CTT 1 1 52 
He Gly Leu Asn Leu He Pro Phe Ser Thr Phe Val Leu Ser Phe Leu 
330 335 340 

TTT TTA GAT TAT ATC AAA CAT ATG TTT AAG AAA GAG GGG GAA CAA GCA 1 200 
Phe Leu Asn Tyr He Lys His Met Phe Lys Lys Glu Gly Glu Gin Ala 
345 350 355 360 

AAA AAA ACA AAA GAA AAA AGC CGG ATT CAT CAC GGG ATT GAA ATC CCG 1248 
Lys Lys Thr Lys Glu Lys Ser Arg He His His Gly He Glu He Pro 
365 370 375 

TTG TTT CTC CGG CAA TTA ATC ATA AAT ATA TTC ACC CTA ATA ATT TTG 1 296 
Leu Phe Leu Arg Gin Leu He lie Asn He Phe Thr Leu He He Leu 
380 385 390 

GAA GGC GAA ACG CTT TTT GAT GAA AAT GGG GTA GAG GTC AAT ATT GCT 1344 
Glu Gly Glu Thr Leu Phe Asp Glu Asn Gly Val Glu Val Asn He Ala 
395 400 405 

GAA CAT CCA GTG CAA GGA TAT ACG GAA TTG AAT ATC AAC CTT TTG AAT 1392 
Glu His Pro Val Gin Gly Tyr Thr Glu Leu Asn He Asn Leu Leu Asn 
410 415 420 

AAA GAT AGC ATT GAT TTG TGG GCT GAT TGG ATT CAA AGC GTT GCA AAA 1440 
Lys Asp Ser He Asp Leu Trp Ala Asp Trp He Gin Ser Val Ala Lys 
425 430 435 440 

TAT TTG CTT AAT ATC ATG TAT ACG GCA GAT GTG ATC GTA ATA ATT ATT 1488 
Tyr Leu Lue Asn He Met Tyr Thr Ala Asp Val He Val He He He 
445 450 455 

TTC TAC CTC GTG AAG ATG GCG GCA TTG TGG TGG GCA TGG TCG TAT ATA 1536 
Phe Tyr Leu Val Lys Met Ala Ala Leu Trp Trp Ala Trp Ser Tyr He 
460 465 470 

CCG TTG AGT ACA GTA TTT GTA GGC TAT AAA TAC TCA GGT AAA GAT GAG 1584 
Pro Leu Ser Thr Val Phe Val Gly Tyr Lys Tyr Ser Gly Lys Asp Glu 
475 480 485 

TCC TTG CAA GCT GCT TTA GAA GTT TTA TGATAATGGA TCAAAGATTG 1631 
Ser Leu Gin Ala Ala Leu Glu Val Leu 
490 495 

AATTAAAAAA CCTTCTCGCA ATGAGAAGGT TTTTCGTTAG AATTCAGTAT GAATAATGTC 1691 
ATCTTCTGGA CGATGTGCTT GG 1703 



[Translation done.] 
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1 

M&9U ] 52? N/WPX • ^l^xw AX (Lactp 
bacillus helveticus) fi*©^^ HIHWW^K 
SteT^tTONA. 

[»** 2 3 52? WWW ■ 'VIl^^-fAX (Lac to 

baciii BS heiTeticBs) ®9te#*fi?*MiumHi> 

2?R»e^£^tr:DNA. 

[St** 3 ] 52? h/tfJW • ^;W*r-f AX (L act t? 
bacillus helveticas) ©lfefi#jt£7§{NiES£*Hp 

CR (inverse PCt>'i£T«rrsCfcfcJ:t)#ShS 
EcoR V*-f hjfetf B amHIf-f h ■5-^7 r 7- 

Ftts* >^^«tep**EjDNA. 

aS*« 4 ] 52? MWI'X • 'VW^tV AX fl.M-.tn 
bacillus tielveticns) 7? r-A^X • 'VW*? 1 
* AX (Lactobacillns hdlEikua) SET 2171 {FERIf P-l 
4381) Tfc-5iS** 1-3 ©H-ftl^fclEttODNA. 

[a** 5] si**i~4©wrn*»K:aa«cDDNA 
[S!** 6 ] it** s {'§am©^2?2> --cwjwsil, 

fc^7^K*ftS*>A2?RS£IS*rr*»±'». 
[bS** 7 ] St** 6 Keic©fa*!gj£i&*bT^7 p 

[0 0 0 1] 

[?£?U©MT-£&fR#g] *MN3. &BSMQ52' HA' 
?^X • 'vJWSt- W AX (Lac tohaci 11n s helveticns) tC 
temZ^Zf?- HIM* J^RMrft^ttDNAfc 

5 1 FfSigt* >/t» RE£tte4rrS'<# ^-fc 4. 

£©^2?#'-T®R|gifcLfc'W 

bT^y? Fifc§£$? >/1 2? R*S£3tf 6 
[0 0 0 2] 

[«*©S«f] twa. ±#**&j|HHR&K9&tr&. 

nt»&, m*&*&^>A2?M£j£±Ts£i^»6 

«*K*«JWH*nT^*Ofal. Microbiol., »L 16. p. 
825, 1995). M^/fHil^/WRS, l&iifcPS 

it. t^cATP (75V -»= u >K) ftsuBf**> 
BC(tafe*>/^fcj*s»rr**>. HiggiucD«««K 

Ka*«&nTV»*(taniL Fev. Cell Biol., vol.8, p. 6 



2 

7, 1992). %—<T>9<-7\^ PTR7T5.V-\zm?Z> 
fc©T*0. Steiner £J;D#£3*T.fct>©T"2&£ Qfo 
1. Microbiol., vol.16, p. 825, 1995). £©^X>F 

h>ESA) £?J)fi LT^y^ H«a*ff -5 fc©T* 

a*. ^nsf;a^£ftira*T£%©T£D> fitfc£#> 

fcS*r*t>©4:L/Ttt> 52?1-:3»/;*jX. 52?^X<L 
io actfKoccus I art is) fefe©^:/?- FlfeS* >/12?R#» 
etl5©^TSt)fe(J. Biol. Chen.. vol.264, p. 1139 
1, 1994). tJfcL, 7^ r«:3»/#7. ■ 52??X(Laiifldl 
reus 1 act is) B, **tt©SJ|«Taft©T, 5 2? K 
J-yAX ' 52?yX (Lactococcas lactis) S5fe©^^ 
^H«tiil*>/t2?Rtt, 8(rci«iD+»*0*T?L:W£ 
MT£ E t**-C#7SH t v» 3 -3 fee 

[0 0 0 3] 

KWSftl/i^tnai] #38W#S«> IRS* 

X fljrtnlwr.il 1m helveticns) F*lj£2? > 

Tf, 52? h;tf;V7 ■ 'VKr^AX (Lactobacilli h 

ejjgj L£iii) ©»e^&2? p-_ >yyr. *wfimi 

:5?>A2?RSS£r5ltfffitt©ftaDNA£3t»U E 

©DNA&iia*3i^^27^-T?gaesibfc^»ffl 

^ F- 2fctf h 0 F left 0 &CH& 

• ^Kf-f *7 (Lactobacillus heJLiSl Lca 

s) fljfco^ypiia^^^weT-sftODNA 

/WW • 'sMf-f AX (LactobacillastielveticBs) 
*3fe©-<^ FHa* >^2?R*e?^#CfDNA^ffl 

« -ssflrrs^iSrBRHtrs. S6tc *^«ia, ^ 
isa^ >^2?ffs^-*rs^fl§&^-rs c t ««■ 

[0 0 0 4] 

[»»?H¥*-r3fcJ&©#g:] Lfcft^T. 
52? p-^WW - ^Mf-f*7 lactobacillns helve 

LuaaJ **©^?F«a^>/^Sit&?^tfDN 
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(3) 

3 

tsT. (Lactobacillus helveticus) ©jfeftftae^*. M 

ft, 7^ h/t^J^X • ^Jl^-T^jjX (Lactobacillus h 
elveticus) ©ftfc#*£r?£3i!IBUB*Hp a I ^tym? 
Z>Ztlz£Z>n?>nZDNA&. igPCR (inversePC 
R) mT&mr$Zt\Zj:*)ftbtlZ>Ec oRVIr-f h 
SDSBamHIfl-f r***T«'*:^]*tt8:*>7t0« 

• '\)\>'<rr<< tt7> (Lactobacillus helveticus) #t, io 
=59 hAf;^ • -Njl^x-f #7. (Lactobacillus belve 
ticns) SBT 2171 (FERH P-14381) T£<5MSSDNAT<& 

3. ^amft^fe, m&DNA&m.fr&foti^wm 

*ft, ws^^i7^~-Tms^mLtc^r^^m^>n 
i7mm&i&£:3iTz>m£.®-T?$>2>. *sgsnft*ft, mm 

[0 0 0 5] KT, *¥£W\ZZ>^T. »b<S8^-TS, 20 
#1891© 5:? hA'^X ■ 'VI^tw A* fI,actoh»r.i1l 

^tfDNAft, Del ley6 <D*ffi(Appl. Environ. Microb 
iol.. vol. 56, p. 1967, moi^m&vityi? 

• ^^-^-f #7. (Lactobacillus helveticns) © 

^^ite^-^aiEe^H p a i ~e®m-t% z. t o 

• 'vMr-f #X (Lactobacillus helveticns) ft, 
^ftWKtt, 7? h/WP* - 'VKtVAt; (Lactoba 
cillus helveticns) SBT 2171 (FERM P-14381) so 

£0£51c:LT#SnfcDNA$, 2$PCRi£ 
tiOli^-r-S^ifcit), Ec oRVUvf hatfB a 

#trDNA^#*di/&*Tt-^<, £tie.©DNA£^# 

[0 0 0 6] 40 

T--r*X (Lactobacillus helveticus) fi^O^^^K 
ttj£*>/1£Hft, ^^HSlXhU^y^H^WS 

^i? ^-Hffl^A/^T'?- KISS!:? >/t #SS*h6£ 

#^SitSLft^7'? K«2I^ >A^S«^#TS^ 

09Aft, 3n&©38£iftf©£#g#^, so 



;^T--r*X. (Lactobacillus helveticus) ft, iSi&te 

StbT«/h6S«ffl-r-5«#ft. -f*>*Jfi*HVifc 
^Sffoolnan et al. , Handbook of BiOBenbraie. 1992) 

•5^fS(Dr lessen et al., Proc Natl. Acad. Sci. , vo 
1.82, p. 7555. 1985) zTu F >mW}^±^m^M 

[0 0 0 7] 

IHtMl 

(a) 7^ h;ww • ^jp^Y*x©ase*ae^ 
©us 

Delley£>©;2f&s(Appl. Environ. Microbiol, vol.56, p 
p. 1967-1970, \m)\zm^, 7?h/WW-A/Kf 
A 137, (Lactobacillus helveticus) ©£Si'fe#»'B : ? £fl 
-Tft^-fe. 7^ h;W^ • 'V^-r-r *X (L 
actobacillus helveticus) SBT2171 (FERM P-14381) €: 
MRSJgJfrt^t;, 16B*l»**bfc^. 5%MRS^a 
tSSL, 37C, 5J#ffi*ilt,fc. #snfc«*i»*, 
IOOhMU >S6^»« (pH7. 0) T 2 m^^Lfc^, SS'L-^SI 
£fToT8#«:G!|JKU lnMEDT A (X5 L 1^>>?75 > 
E9»K) ^#t?KMh-U^g«f^(pH 7. 8) tCK&Lit, 
SfeK, «#*aWrt"4fc»©»ffstff-3fc. -Tftfc-fe, 
mfcmmmz, «fi^250Mg/mltft^J;5tr^n^T 
— tfK (^-U>jEf-?>yWAa:SS) £, 500 

-E-n-engitBLX. 37t:, S0irCD«ia*fTO«:^, lfflM 
EDTA£StM0nMMJ;*ifiMB*E<pB 7.8)T?^b, R 

l±9JV*s> C4ft*I«» 160B*^SPb, 37C, 30 
#©&S£frt3fc«, 0. l%tft-5J;-5lrSDS 

*g#75iiMi:ftS,k'5 
tEDTA*. 200wg/mltft«=t5C^Dx7 

— ZKZ-zti^enmau est:, 2^ra©®a&ffo 
ft. ^-ut. ±ta«©a«fft5ftM*s«^^«isiSE 

l^*«®«-r^UT*:eSlHHRtft^, ^©TkBfcS 

^«^^70%tft*a:5n^x^/-^^jnA.. ±b^u 

(b) ^^H«faaiBiBteTt*ODNA©ii« 

C©7i? h/WWX • ^^-r AT. (l.ac tohac.il Ins Ti 



«B¥11-17Z 



(4) 



elveticus) SBT 2171 (FERM P-14381) 0^6#iteTtC 

ft. 

[0 0 0 83 MM 2 



*f|lT'fenftDNAfT4-DNA7'ry-7 C^— 
[00 0 9] 



DNA»f^50Mg/mIi^ till 

imPCRMmfti (^-U T>A-f AftK) 10 Ml 

5nM d NT PS U ^-TWVf AttS) 4 m 1 

IOObM «fl2"7if*yi?A 2jul 

^5l"7-2 2m1 

SSS* 77 Ml 



: 5* — TC CTGTAATTGTTTTTATTG CEcoR 

: 5' -ATGACACATTATTCATACTG (BamH 

[0 0 10] Jfcfc, PWO^'J^^-if (^-'J>^f- L&o 

T>/W A&SD 1 n 1 £in;L, T» (1) ~ (5) <3£ J&I [0 0 1 33 MMfcffl 1 

@: (l> 95*0. 10£\ (2) 95t:, 90S*. (3) 50t;. 2 (AJB*©^:/? 1 O^fiOSI^) HJ60!I4T# 

$h (4) 72r. 3 $h (5) 12) * £ 14) ? JKZ)«* 0 Sfifc^OT H >M Stfefeil^-f -5*1I§S 

muzji*). r>NA<z>mm$:fT<,\ <^vmm^>n lonHD-ag^ssnqu ssis^^ji^^ i# 

^Sffi&f£^irDNA£4&fc. CWDNAOS*B?l WcT^'UHfe^OiJ JV75^> (Pro-Al 

[00113 *ism3 -mis&itmfe^T. -kimw^j- h 

?&IBKi£*BamHI&tfEc oRVT«JgrUTi5VJ 7?h3^*^-7m (Lactococcus I act is) ©D 

feWliffl^i'-pTAQI (Gencor&SD £. fS5& NAKfr^ffi^&A^:^ t*t&3i*>A'5'RS£tg£ 

#[ 2 "ClfSnfcD NASSAU DNA7-f tf—X ^-T^K£&Uft;MIBlr=>t,>T£ra$© 

[0 0 1 23 *JM4 4D fc. *S^<D7i? MWW "V^^^^X (LaclfiM 

(«±«I©JgSg8l) cillns helTeticns) PDNA*i£A£i-tfr*flSaga. 5 

^-T-S^^^-^ffiVJ. ?S^©JgK(teft*ff^fcc -? ?h3yA^-7?W (Lactoccccus 1 act is) ©DN 

ftfc-fe. ^a&fS^^^AT-^abfcTcJgg E1772** A£gA£nfc*fl&S=}:0 1>> ^^?FJfc*>i5^g# 

(J. Bacteiiol., vol. 173, pp. 234-244, 1991) iz. MM fZHtiZlZ^Z. tt3.-Dtc. 

W3^®$nfr'i.7?i i ftM?>rt{?nmim&mTz [00143 *jms 

T>lf->' I J> lOOMg/al^lCbfcSfife fcS. ^SX^IOg/l&tfsA^K^HJ^AIOg/IS 

(^h>10g/k SP&X^XSg/K ££5g/l) TStR 50 msiLttMQmik (U>^7kH=^ h'J^A64g/K U 



(5) 



te7>tr^A5.0f^l*^&*M9:!SSy£X&$£ 200 
■1/1. 20%^3-X^Sac20ttl/l) -p, 37-Cs 3H#W1£ 
«; 'J S'AgWK <pS 7. 0) Tift 
»l/T. *-LT\ Kaback©;5Si (Methods of 

EnzyHology. vol.22, pp. 99-120, 1971) ICfitV. 

tOO 1 5] &g|tf2 

(£/Mfe© FIR D £**©3(!l£) jfeKfl 5 T# 

3;Vbf>Bg#U>?A&giiou ssir, i$h* 14ctt 

7^LtPro-Ai azmab. mmmz^>^)v 

&mmVT* *>Zf7>7J)V&— (0.45utt)T;*cB§« 

ffi*l&tey^;^F©]fc<3 SB#^^t% 
iatA,££^**, *^^©K/Miaii. S^^FfiDfcfl 

[0 0 16] 

?■ F&tx r- y h z&mmzm 9 t n -5 & s « * 



20 



six h u ^^5=- F«»irr* b twr t t 

5. 

[@B©fg#fciBi?i3] 

nan siawuTWsn&'W-Fmsa'w^jtt 

[02] ftKM2Tft&*ift:'t:7?P*a?Wt2rftff 
ifie^^tf DN AOffiSSB^ia^©SSE5lJ^ 6 

[03] *jfemT#snfc^y?Fii2£*wti7Stffi 

&Sfi^ Sr^tTD N A©*Sffi?!l&tf-?-©i£SBE^ 6 

ess] fetKM2nfe^^/j\sa©^^ , 5 i K^?3a*. 

[06] »KM 2 1'^lt^R/hBaoSTrSCMSnc:*^ 

ne?m] 

K*>1#^ : 1 
S?J©^S : 1884 

k^ohi : 
mom. : 

&f$OWm : Genoaic DNA 

: Lactobacillus helreticus 
tt€ : SET 2171 



AAGATGGACG TTAAGGTCAT CGAAAGCAAG GTTAACTTGA TCGAAGCTGA AAAAGATGCT -121 



GTTAATGATG CAGTTGCTAA AGCAATTGAT TAAGTAATAT AAAGTAATAA AAATAAGGAT 
CTATCTGTAA ATAGGAIAGG TCCTTATTTT TCGTGGTGTA ATTGTTTTTA TTGCTTACCT 
TAGATAAGAA AGGAGTTTTT CTTTGGGTAA ACGAGTTCAA ATACAGCATT CTTTGGACAG 
CCAAAGGGCT TGTCCACTTT ATTCTTCACT GAAATGTGGG AGCGTTTCAG TTACTACGGC 
ATG CGG GCT ATG TTA TTA TTC TAG 
Met Arg Ala He Leu Leu Phe Tyr 

1 5 
ATG TAT TAC GCA GTT ACC AAA GGT GGT TTG GGG ATG TCT CAA ACT ACT 
Met Tyr Tyr Ala Val Thr Lys Gly Gly Leu Gly Met Ser Gin Thr Thr 

10 15 20 

GCT GCT TCA ATC ATG TCG ATC TAT GGT TCG CTT GTT TAT TTA TCA ACA 



-61 
-1 
60 
120 
144 



192 



240 
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Ala Ala Ser He Met Ser He Tyr 
25 30 
CTA GTT GGA GGC TGG CTT TCT GAC 
Leu Val Gly Gly Trp Leu Ser Asp 
45 

GTC TTC TAC GGC GGT GTG CTT ATT 
Val Phe Tyr Gly Gly Val Leo lie 
60 

TTG CCA GCT GGT GTA ACG GTG CTA 
leu Pro Ala Gly Val Thr Val Lea 
75 80 
GTA GGT ACT GGA TTA TTA AAG CCG 
Val Gly Thr Gly Leu Leu Lys Pro 

90 95 
CTT TAT TCG GTT GAA GAT CCC CGT 
Leu Tyr Ser Val Glu Asp Pro Arg 
105 110 
GTT TTC GGG ATT AAC TTA GGC TCA 
Val Phe Gly He Asa Leu Gly Ser 
125 

TGG GCA GCT CAG GGC TTC GGT GTC 
Trp Ala Ala Gin Gly Phe Gly Val 
140 

TTC CAT GCA GGA TTC TCA TTA GCT 
Phe His Ala Gly Phe Ser Leu Ala 
155 160 
GTA CAA TAT GTA CTT GGT GGT AAA 
Val Gin Tyr Val Leu Gly Gly lys 

170 175 
ACA CCT AAT GAT CCT ATT GAT AAA 
Thr Pro Asn Asp Pro lie Asp Lys 
185 190 
TGG GTT GTC ATT ATT ATC ATC GCA 
Trp Val Val He He He lie Ala 
205 

GCA GGA GTA GGG CAA TTA AGC GTT 
Ala Gly Val Gly Glu Leu Ser Val 
220 

ATT TTG GCG ATT GCA TTG CCA ATC 
He Leu Ala lie Ala Leu Pro He 
235 240 
AGC TCA AAG GTT ACT AAG ATT GAG 
Ser Ser Lys Val Thr Lys He Gin 

250 255 
AGC TTG AAG AAT CGG CTG TTT TTC 
Ser Leu Lys Asn Arg Leu Phe Phe 
265 270 
CAG ATA AH CAG CTT GAA CTT GCC 
Gin He He Gin Leu Glu Leu Ala 
285 



(E) 

Gly Ser Leu 

35 

AGA GTA TGG 
Arg Val Trp 
50 

ATG TTG GGA 
Met Leu Gly 
65 

TAC AGG TCG 
Tyr Arg Ser 

AAC GTA TCG 
Asn Val SeT 

CGT GAC GCT 
Arg Asp Ala 
115 

ATT ATT GCT 
lie lie Ala 

130 
CAT ATT TTT 
His He Phe 
145 

GCA GTT GGT 
Ala Val Gly 

AAA TAC TTA 
Lys Tyr Leu 

GGC GAT TTG 
Gly Asp Leu 
195 

ATT GTT GCA 

He Val Ala 

210 
GAT AAT GTA 
Asp Asn Val 
225 

TAC TAC TTC 
Tyr Tyr Phe 

TTA GGA ATT 
Leu Gly He 

AAA AAA GGA 
Lys Lys Gly 
275 

ATA AAA AGG 
He Lys Arg 
290 



10 

Val Tyr Len Ser Thr 
40 

AAA ACA 
Lys Thr 
55 

TTG GCT 
Leu Ala 



GGC TCT AGA 
Gly Ser Arg 



CAC ATC GTT 
Bis He Val 
70 

ATT GCT TTA 
He Ala Leu 

85 

GAT ATG GTT 
Asp Met Val 
100 

GGT TTC AGT 
Gly Phe Ser 

CCA TGG CTT 
Pro Trp Leu 

GGT AGC CAA 
Gly Ser Gin 
150 

ATG TTC TTT 
Met Phe Phe 

165 
TCA ACT GAA 
Ser Thr Glu 
180 

CTT AAT GTG 
Leu Asn Val 

ATT TTA GCC 
He Len Ala 

ATT ACC TTA 
He Thr Leu 
230 

GTG ATG ATG 
Val Met Met 

245 
CAT TTA CTA 
lis Len Lue 
260 

TAT AAG CGG 
Tyr Lys Arg 

CAA AGC TTT 
Gin Ser Phe 



ATC GTT 
He Val 

GGG GGT 
Gly Gly 

ATT TTT 
He Phe 
120 
GTA CCA 
Val Pro 
135 

TTG AAC 
Leu Asn 



ATC AAG 
He Lys 
200 
GCT ATG 
Ala Met 
215 

TTA ACT 
Leu Thr 



CCT GTA 
Pro Val 

CTT AAG 
Leu Lys 
280 
ATT ATT 
He He 
295 



288 



336 



384 



432 



480 



528 



576 



GGT TTA 624 
Gly Leu 

AGT CTG 672 
Ser Leu 



720 



768 



816 



TTT CGC 864 
Phe Arg 



912 



960 



1008 



(7) 

11 12 
CTG ATA GCG CTC ATC ATC ATG GCC AGC ATT TTG ATT CCA AAC AAA GTG 1056 
leu He Ala Leu lie lie Bet Ala Ser lie Leu lie Pro Asu Lys Val 

300 30S 310 

ATC ATT GCC AAA CAT CTG CTC AAG CTG GIT TTG TTG GTG TTC TAT TGG 1104 
lie lie Ala Lys His Leu Leu Lys Leu Val Leu Leu Val Pie Tyr Trp 

315 320 325 

ATA GGT CTT AAT TTG ATC CCT TTT AGC ACA TTT GTT CTC ICC TTT CTT 1152 
He Gly Leu Asu Leu He Pro Phe Ser Thr Phe Val Leu Ser Phe Leu 

330 335 340 

TTT TTA GAT TAT ATC AAA CAT ATG TTT AAG AAA GAG GGG GAA CAA GCA 1200 
Flie Leu Asa Tyr He Lys His Met Phe Lys Lys Glu Gly Glu Gin Ala 
345 350 355 360 

AAA AAA ACA AAA GAA AAA AGC CGG ATT CAT CAC GGG ATT GAA ATC CCG 1248 
Lys Lys Thr Lys Glu Lys Ser Arg He His Bis Gly He Glu He Pro 

365 370 375 

TTG TTT CTC CGG CAA TTA ATC ATA AAT ATA TTC ACC CTA ATA ATT TTG 1296 
Leu Phe Leu Arg Gin Leu He lie Asu He Phe Thr Leu He He Leu 

380 385 390 

GAA GGC GAA ACG CTT TTT GAT GAA AAT GGG GTA GAG GTC AAT ATT GCT 1344 
Glu Gly Glu Thr Leu Phe Asp Glu Asu Gly Yal Glu Val Asu lie Ala 

395 400 405 

GAA CAT CCA GTG CAA GGA TAT ACG GAA TTG AAT ATC AAC CTT TTG AAT 1392 
Glu His Pro Val Gin Gly Tyr Thr Glu Leu Asn He Asu Leu Leu Asu 

410 415 420 

AAA GAT AGC ATT GAT TTG TGG GCT GAT TGG ATT CAA AGC GTT GCA AAA 1440 
Lys Asp Ser lie Asp Leu Trp Ala Asp Trp He Gin Ser Val Ala Lys 
425 430 435 440 

TAT TTG CTT AAT ATC ATG TAT ACG GCA GAT GTG ATC GTA ATA ATT ATT 1488 
Tyr Leu Lue Asn He Met Tyr Thr Ala Asp Val He Val He He He 

445 450 455 

TTC TAC CTC GTG AAG ATG GCG GCA TTC TGG TGG GCA TGG TCG TAT ATA 1536 
Phe Tyr Leu Val Lys Met Ala Ala Leu Trp Trp Ala Trp Ser Tyr He 

460 465 470 

CCG TTG AG! ACA GTA TTT GTA GGC TAT AAA TAC TCA GGT AAA GAT GAG 1584 
Pro Leu Ser Thr Val Phe Val Gly Tyr Lys Tyr Ser Gly Lys Asp Glu 

475 480 485 

TCC TTG CAA GCT GCT TTA GAA GTT TTA TGATAATGGA TCAAAGATTG 1631 
Ser Leu Gin Ala Ala Leu Glu Val Leu - 

490 495 
AATTAAAAAA CCTTCTCGCA ATGAGAAGGT TTTTCGTTAG AATTCAGTAT GAATAATGTC 1691 
ATCTTCTGGA CGATGTGCTT GG 1703 



t#B¥!l-172 



(8) 



[Si] 

AAGATGGACGTTAAGITK^TCG^ -121 
KHDVKV.I ESXVWL I E A E K DA 

GTTAATGATGCaQTTQ^^ -SI 
tfttDAVAKAID stop 

— -pepM 

CTATCTOTftAATAGGATAGGTCCTTATTTT^ "1 
7 x 

TAGATAAGftAAGGA grm ^ 60 

-35 

-10 RBS 

ISO 




TCTCAAACTACTCCTGCTTCAATC^ 240 
S Q T T AASIW SlVGSLVyi.g'F 

CTAGTTOGftGGCTGGCTTTCTGACAGAGTATG^^ 300 

L V G G W L SDRVWGSRKTVF Y G 

TOSffl 

GGTGraCTTATTATGTTG^^ 360 
GV^IKLGKIVLAL PAG V T V L 



TACAGGTCGATTGCTTTAATCGTTCT 420 
Y R S I A L 3\TV<5 TGl*LKPftrV5D 

ATCGTTGGGGGTCTTTATira^ 480 

H V G G L Y SVEDPRRDAGFS X F 

IMSV 

GTTTTCGGGATTAACTTAGGCTCAA^ 540 
VFG3MLGSIIAF WLVFWA A Q 



WNT11-172 



(9) 



[021 

CGCTTCGGraTCCATATT^^ 6Q ° 
GFGVHlFGSGI*tf F H A G F S LJ 

A VQMFFGLVQYVLGG K K Y L S 



TESl-TFHDPlDKGDLIill V I K 



720 



rGGG'lTOTCATiaTTArCAlX^GCAAlTCT^ 780 
WV ViriXAIVAlLAAMft G V G 

CAATOAA/XXZFK^TAA 1 !^^ 840 
Q L S V D H Vl'TLIiTIItftX-ALPI 

TMSlI 

TACTACTTO3TGATGATC1TT^ 300 
Y Y F V M M F RSSKVTXIELGIH 

I, L PVSLKNRI^FFKXGYKRLK 



CWSATAATTCAGCTTGAACT^ 1020 
QXIQLE X.AZKRQS F I I I> I A !■ 

TOSH 

ATCATCATOGOG^tGCATTlTCATTCC^^ 1080 
IIMASILIFKKVI1 A K H L L K 

CIK^WTWI TOGTOITI^ 1140 

L V L I* VFYVIgLNIiIPFSTFV 
_^ . ■ 



L S F L F I* D Y IKMMFKKEGBQA 



(10) 



[H3] 

AAAAAAACAAAAGAAAAAAGCCQGATTCAT^^ 1250 
KKTKEKS RXHH GIEIPLFLR 

G^TTAfcTCATAAATATATTCfteCCTAAT^ 1320 
QIiIXNiFTIrTIL EGETLFDE 



AATGGGGTAGAGGTCAATATTOC^ 1350 
HGVEVNIAEHPVQGVTELNI 



AACCTTTTGAATAAAGATAGCATTGATTTC 1440 
HLLKKDSIDL.W ADMIQSVAK 



tV mri^ C iT AATATCATCTAT^^ 150 0 

Y L L N X MYTADVIVI TIFYLV 
TMSXE ~ ™ ~ 

^JlGATGGCGGCATTGTGGTGGGGATC^ C 1 5 £ O 

K M A A L WWAWSYIPLSTVFVG 



rATAAATACTCAGGTAAAGATGAGTCCTTCO^ 1620 
YKY SGKDESLQAAI*EVL - - 



ATCAAAGATTGAATTAAAAAACCTTCT^ 1*20 
TGAATAATGTCATCTlt^rGGACGATGTG ETXTGG 



£r£&M CRBS) 
TMS : >X'<>GLWi 



[04] 




m fata) 



O Lactobacilli**! belToticusOilfe^^ti^cBffi 
A lactocoocus iactis^^fc^fc^tEfcBff 

[06] 



1.5 




7D> — zsCDffi.^ 

(5i) int. a 6 susus* 

C12R 1:225) 
(CI 2 NT 1/21 

C12R 1:19) 

(C 1 2 P 21/02 

C12R 1:19) 



(11) 



[05] 




